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ABSTRACT The rates of whole body nitric oxide (NO)
synthesis, plasma arginine flux, and de novo arginine synthe-
sis and their relationships to urea production, were examined
in a total of seven healthy adults receiving an L-amino acid diet
for 6 days. NO synthesis was estimated by the rate of conver-
sion of the ['SN]guanidino nitrogen of arginine to plasma
[**N]ureido citrulline and compared with that based on
urinary nitrite (NOz)/nitrate (NO3) excretion. Six subjects
received on dietary day 7, a 24-hr (12-hr fed/12-hr fasted)
primed, constant, intravenous infusion of L-[guanidino-
I5N,]arginine and ['3C]urea. A similar investigation was
repeated with three of these subjects, plus an additional
subject, in which they received L-[ureido-'>C]citrulline, to
determine plasma citrulline fluxes. The estimated rates
(mean = SD) of NO synthesis over a period of 24 hr averaged
0.96 = 0.1 umol-kg~"hr~! and 0.95 = 0.1 umol-kg~'-hr~1, for
the ['5N]citrulline and the nitrite/nitrate methods, respec-
tively. About 15% of the plasma arginine turnover was asso-
ciated with urea formation and 1.2% with NO formation. De
novo arginine synthesis averaged 9.2 *+ 1.4 pmolkg~!-hr~!,
indicating that ~11% of the plasma arginine flux originates
via conversion of plasma citrulline to arginine. Thus, the
fraction of the plasma arginine flux associated with NO and
also urea synthesis in healthy humans is small, although the
plasma arginine compartment serves as a significant precur-
sor pool (54%) for whole body NO formation. This tracer
model should be useful for exploring these metabolic rela-
tionships in vivo, under specific pathophysiologic states where
the L-arginine-NO pathway might be altered.

Arginine serves various important metabolic functions, includ-
ing roles in protein synthesis, nitrogen transport and elimina-
tion (1, 2), and as the precursor of nitric oxide (NO), which is
a current area of considerable research interest (3-5). Oxida-
tion of arginine by a homodimeric group of nitric oxide
synthases yields citrulline and nitric oxide in stoichiometric
amounts, with each containing a nitrogen atom derived from
the guanidino moiety of arginine. NO undergoes oxidative
degradation to the stable end products nitrite (NO;) and
nitrate (NO3). In the in vivo system, NO; is readily oxidized
to NO;3 via hemoglobin, and so NO is eventually detected in
plasma or urine as NO3 (5) and its measurement has been used
to estimate the rate of whole body NO synthesis.

It has been suggested that therapeutic modulation of nitric
oxide production may be achieved by supplying the precursor
arginine (6-9) or by inhibiting NO production with L-arginine
analogs (10-12). However, before profound changes in exog-
enous arginine intake levels or a pharmacologic inhibition of
NO formation can be safely recommended, it is desirable to
gain a better understanding of the regulation of whole body
arginine metabolism in human subjects and its quantitative
interrelationships with the L-arginine-NO pathway.
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In our previous studies, using stable isotopic tracer tech-
niques, we have investigated whole body arginine metabolism
and the use of arginine for NO synthesis, by measurement of
the transfer of the guanidino nitrogen of plasma arginine to
urinary NOj. These studies have been carried out in healthy
humans receiving variable levels of arginine intake (13-15),
and in infants with pulmonary hypertension (16). We have now
extended these earlier investigations of whole body arginine
homeostasis and the metabolism of urea cycle intermediates by
examining the kinetics of arginine metabolism throughout a
continuous 24-35-hr period. Using this design, it has been
possible, for the first time to our knowledge, to determine the
in vivo rate of conversion of [’N]guanidino arginine to
[SNJureido citrulline and NO, presumably due to the NO
synthase reaction. We compared this estimate with the rate of
transfer of the guanidino nitrogen of arginine to urinary nitrite
(NO3)/nitrate (NO3). Simultaneously, we have been able to
examine the rate of whole body de novo arginine synthesis and
the rate of transfer of plasma arginine to urea over a 24-hr
period, in healthy subjects receiving an adequate arginine
intake. This investigation establishes an experimental basis for
the design and conduct of follow-up studies intended to
explore the consequences of altered arginine intakes or avail-
ability on NO synthesis in humans under various pathophysi-
ological states. '

MATERIALS AND METHODS

Subjects. A total of seven healthy young adult males (age
23 * 3 years; weight 74 * 6.5 kg) participated in this
investigation, which was conducted at the Clinical Research
Center (CRC) of the Massachusetts Institute of Technology
(MIT). All were in good health, as established by medical
history, physical examination, analysis of blood cell count,
routine blood biochemical profile, and urine analysis. Subjects
were fully informed about the purpose of the study and the
potential risks involved. Written consent was obtained accord-
ing to the protocol approved by the MIT Committee on the
Use of Humans as Experimental Subjects and the Advisory
Committee of the CRC. All subjects received financial com-
pensation. Six subjects participated in the 35-hr-labeled argi-
nine/urea tracer experiment. Also, a second study with four
subjects was conducted for determination of 24-hr plasma
citrulline fluxes and de novo arginine synthesis. Three of these
subjects had participated in the first study.

Diet and Experimental Design. Individual daily energy
intake was calculated to maintain body weight, and in both
studies subjects consumed for 6 days a low nitrate, complete
L-amino acid diet patterned after egg protein (13), supplying
the equivalent of 1 g of protein (N X 6.25) per kg of body
weight per day. The diet also supplied an average daily nitrate
intake of 210 umol. Further details concerning diets and
procedures have been described elsewhere (13, 17).

Urine Collections. Complete 24 hr urine collections were
obtained in brown plastic bottles containing 15 ml (6 M) HCL
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Tracer Infusion Studies. Following an overnight fast, on the
morning of day 7, subjects participating in the 35-hr study
received priming doses of L-[guanidino-'>N;]arginine
([°N;]arginine; 5 umolkg™!) and ['*CJurea (170 wmolkg™!)
over 3 min and these were followed by constant intravenous
infusions of ['’N,]arginine (5 wmolkg~-hr~!) and ['3C]urea (8
pmol-kg~1-hr=1) for 24 hr. Tracers (>98 atom percent excess)
were purchased from Mass Trace (Woburn, MA), and infu-
sates prepared from sterile, pyrogen-free powders of high
chemical purity. During the first 12 hr, subjects received their
total protein and energy intake as small, isonitrogenous meals
given every hour for the first 12 hr (0-720 min). During the
following 12 hr (780-1440 min) they remained in the post-
absorptive or fasting state.

Blood samples were obtained at baseline and at frequent
intervals throughout the 24-hr period. Consecutive, 3-hr urine
collections were obtained during the 24-hr tracer period and
also for the 11-hr post-tracer period, to determine the “decay”
in the plasma isotopic enrichment of the tracers and in urinary
[*N]nitrate (Fig. 1). The subjects received their amino acid
diet in three meals, during the 11-hr urine collection period.
Other details related to sample collection and storage are
given elsewhere (13).

For the second tracer study, the dietary adaptation period
and procedures were identical to those described above for the
35-hr study. A prime (1 umolkg™'), followed by a constant
tracer dose of L-[ureido-1>C]citrulline (1 wmolkg='-hr~'), was
given to four subjects who were in the fed state for the initial
12 hr and in the post-absorptive or fasting state for the
consecutive 12 hr. Blood samples were obtained at frequent
intervals, but urine collections were not performed in this case.

Analysis. Determination of plasma isotopic abundance in
['*N;)arginine and ['3C]citrulline infused and of the
[*N]citrulline and ['*Clarginine formed in vivo was per-
formed, using 200 ul of plasma, as described (13-15). Tracer
mole percent excess (MPE) was calculated by statistical mass
isotopomer analysis (18), because stock solutions of citrulline
isotopologs proved to be too unstable for repeated application
in the construction of sufficiently accurate and precise stan-
dard curves. In method validation experiments for this study,
the improved analytical approach afforded an average accu-
racy error of less than 5% and an intersample precision of less
than 7% for determinations of [Ncitrulline in the 0.05 to 1
MPE range. We were not able to detect mono-!*N-labeled
arginine, which would have been derived from [**N]citrulline.
Isotopic abundance in plasma [!3Clurea and of [N;]urea,
derived from the guanidino-labeled arginine, was measured as
described (19, 20). Measurements of isotopic abundance of
[!*N]nitrate can be affected by the pH of the preserved sample.
Therefore, we evaluated the effects of collecting urine samples
in 6 M HCI. A sample of fresh urine was divided in two aliquots
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and collected in acid with 6 M HCl or in 6 M NaOH. The two
aliquots were subdivided and a known amount of [’N]nitrate
was added to increase the natural isotopic abundance from 0
to 15% APE. Each sample was analyzed for ["*N]nitrate as
described (21) and compared with expected values. Measured
isotopic abundance of [!SN]nitrate in the acidified group was
lower than their expected values, but measurements carried
out in those samples collected in alkaline solution were close
to predicted values. The differences between the two methods
of collection was constant (78%), within the range of enrich-
ments evaluated. Therefore, all reported measurements of the
isotopic abundance of ['SN]nitrate were corrected for the
underestimate of 22%), related to the conditions used in sample
collection. Deproteinized urine samples were used to deter-
mine total nitrite/nitrate concentrations, by the Griess reac-
tion (21). Plasma and urine urea nitrogen concentrations also
were measured (22).

In Vivo Model of Amine Acid Kinetics. Plasma arginine and
citrulline fluxes were calculated from the mean plasma isotopic
enrichment values for the last 6 hr of both fed and fasted
periods, using steady-state isotope dilution equation as de-
scribed (14). The rates of conversion of [’N]arginine to
[**N]citrulline and to [NzJurea (Qarg—cit; Qarg—urea) (Study
1) and that of [ureido-'3C]citrulline to ['3CJarginine (Qcit—arg)
(Study 2), were determined essentially according to the tracer
model of Clarke and Bier (23) and Thompson et al. (24), which
they had used earlier for measurement of conversion of labeled
phenylalanine to tyrosine, and as we have described in previ-
ous reports (14, 15, 25). For the three subjects in the [**N]argi-
nine tracer study and in whom citrulline fluxes were not
measured, we used for calculation purposes the mean of the
citrulline fluxes, for the fasted and fed states, obtained from
the four subjects in which these determinations were made
directly. For estimation of the rate of conversion of citrulline
to arginine in the four subjects given labeled citrulline we
measured the 13C abundance of arginine and applied the
previously measured arginine fluxes for the three repeat
subjects and the mean of the arginine fluxes determined in the
group of six subjects as an estimate of the arginine flux for the
fourth subject in the [ureido-13C]citrulline group.

Briefly, calculation of the rate of conversion of arginine to
citrulline, via the NO synthesis reaction, was made as follows:

QArg ]

IArg + QArg

where Qar, and Qci; are the plasma arginine and citrulline
fluxes (umol-kg~!-hr~!), respectively, estimated from the
primed, constant infusions of the L-[guanidino-1>N,]arginine
and L-[ureido-3>C]citrulline tracers; Eci and Ea,y are the
respective plasma enrichments of [ureido->Nicitrulline and
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[guanidino-*N,]arginine; I is the rate of infusion of labeled
arginine. The expression Qarg/(Iarg + Qarg) is added to correct
for the contribution made by the tracer arginine infusion to the
Qarg—cit. Comparable calculations were made to estimate
QArg—»urea and QCit—»Arg-

The rate of urea production also was estimated according to
the standard isotope dilution equation (20). Urea excretion
was determined from the measured urinary urea nitrogen
output, corrected for any variation in the total body urea pool,
as follows:

corrected urea excretion = total urea excretion

[plasma urea (start) — plasma urea (end) X total body watcr]
0.92 ’

where total body water was estimated according to Watson et
al. (26) and plasma urea N was measured at hourly intervals
from 0 and 720 min for the fed and 780 and 1440 min for the
fasted state.

The rate at which plasma arginine was used for whole body
NO production f(Qarg—No5) also was estimated using the
urinary NO3 method as follows:

ﬂQArg—»NOJ_ ) =

15NO; output (umol) per study period (35 hr) per subject X 1.67
[°Nlarginine tracer (umol given in 24 hr)

>

where “corrected” '’NOj3 output is the measured urinary
I5NO; excretion for the entire study period [24-hr tracer
infusion and observed decay period (i.e., total output over 35
hr), multiplied by the factor 1.67, which accounts for under-
recovery in urine of orally administered ’NOj3, which is about
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60% (27)]. Thus, the rate of conversion of plasma arginine to
NO3 (Qarg—No5) Was obtained from the following equation:

QArg—»NO; = QArg 24hr X f(QArg—»NO;),

where Qarg 24 hr is the plasma arginine flux (umol per subject)
for the entire 24-hr study period.

Evaluation of Data. Comparisons between amino acid ki-
netics for both metabolic periods (fed vs. fasted) and of
different estimates of NO synthesis (Qarg—cit Vs. urinary NO3’
output), were made using the Student’s paired ¢ test. Data are
expressed as mean *+ SD. A value of P < 0.05 was considered
to be statistically significant. Least squares linear regression
analysis was applied to the urinary SN abundance data to
approximate the total urinary >N excretion rate.

RESULTS

The plasma isotopic abundances in [!5N,]arginine, [3CJurea,
and the derived [Nicitrulline and [**N;]urea, for the 35-hr
study period, are shown in Fig. 2. The labeling of arginine and
urea was higher during the fasted state (P < 0.05), as expected
(14-16, 28), indicating a lower plasma flux and urea produc-
tion rate during this metabolic state. Plateau N enrichment
for citrulline was achieved within approximately 5-6 hr and
this was maintained until the end of the 24-hr tracer infusion;
average abundance (mol fraction) was 0.0058 + 0.002 and
0.0072 = 0.001, respectively, for the fed and fasted states (P <
0.05), whereas the [N;]urea plateau continued to rise, al-
though slowly, throughout both the fasted and fed portions of
the 24-hr tracer infusion study (mean = 0.0027 * 0.0005 for
fed; 0.0054 =+ 0.0008 for fasted, P < 0.05). The plasma isotopic
enrichment of [ureido-'3C]citrulline and the derived ['3C]Jargi-
nine is shown in Fig. 3. There was no significant influence of
metabolic state on the plasma abundance of ['*C]citrulline

W a 15N2Arg|n|ne
E . 1:N Citrulline
w N o "N, Urea
‘4 0.08 e 3CUrea
Q

w

S 006

Q

<

<

O o004

~

3

1 4

W 0.02

4

o

=

e

ettt o

l
540 720 780 960 1140 1320 §§§§§

2100

MINUTES

—— FED !

FAST —— 'DECAY"

FiG. 2. Plasma isotopic abundance of [1SN;]arginine, [13CJurea, and derived metabolites ([1N]citrulline and [5N;]urea) in six healthy adults.

Isotope infusion was terminated at 1400 min. Error bar = +1 SD.



Applied Biological Sciences: Castillo et al.

Proc. Natl. Acad. Sci. USA 93 (1996) 11463

0.12
32
Em' 0-01 I .L J_
<2 0.08
£ 0
e © 13C Citrulline
518 0.04 o 3C Arginine
4]
=< 0
0-0-O~OmO=0-0-0=0-0~0
| 1 1 1 1 | |
180 360 540 720 780 960 1140 1320 1440
| MIINUTLTS :
FED FAST—

FIG. 3. Plasma isotopic abundance of ['>Clureido citrulline and derived [!3Clarginine during a 24-hr continuous intravenous labeled citrulline

infusion in four healthy men. Error bar = +1 SD.

(0.106 = 0.023 for fed vs. 0.089 + 0.009 for fasted), but the
[13Clarginine abundance was lower (P < 0.05) during the fed
state (0.009 = 0.001 vs. 0.012 = 0.002).

The 5N enrichment of urinary nitrate during the fed, fasted,
and decay periods throughout the 35-hr study period is shown
in Fig. 4. An abundance of about 0.04 * 0.001 atom percent
excess was achieved by about 15 hr into the tracer study, and
this was maintained until the tracers were stopped. By the end
of the 11-hr “decay” period, urinary excretion of >N was still
detectable. Using least squares linear regression analysis (©2 =
0.97), we predicted that a very low rate of 1SN urinary excretion
would have been reached in about 9 more hr, or by about hour
20 after terminating the ['*N,]arginine tracer infusion. There
was a relationship between urinary volume and nitrate output,
with an average of 641 * 135 umol of NO3 in 2136 * 715 ml
of urine for fed and 344 + 29 umol in 739 * 147 ml of urine
for the post-absorptive state and, thus, higher nitrate excretion

and urinary volume during the fed state (> = 0.73; P < 0.01).
During the fed state fluid intake (oral plus parenteral) was
higher than for the post-absorptive state, when subjects re-
ceived only the tracer infusion.

Plasma arginine flux (Table 1) averaged 82.3 6.5
wmol-kg=V-hr~!, during the 24-hr period, whereas plasma
citrulline fluxes averaged 9.5 + 1.5 umolkg~!-hr~!. The rate
of whole body NO synthesis (umolkg=!-hr~!) as estimated
from the labeling of [!SN]citrulline was 0.91 = 0.3 and 1.00 =
0.2 for the fed and fasted periods, respectively, averaging
0.96 = 0.1 umolkg~!-hr~! for the 24 hr. NO synthesis esti-
mated by urinary total NO3 output was 1.23 + 0.2 and 0.67 £
0.05 wmolkg~-hr~! for fed and fasted states, respectively, with
an average value of 0.95 = 0.1 pumolkg~!hr~! for the 24-hr
period. Hence, there was excellent agreement between both of
these methods of estimation of whole body NO synthesis over
the 24-hr period. The percentage of plasma arginine flux that
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FiG. 4. Urinary 15N enrichment atoms percent excess during fed, fasted, and decay periods following a 24-hr constant intravenous infusion with

[!*Ny]arginine in six healthy adults. Error bar = +1 SD.
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Table 1. Plasma arginine and citrulline fluxes, de novo arginine
synthesis, and estimate of NO synthesis by ’N-labeled plasma
citrulline and by urinary nitrate output

Value
Average
Fed Fasted for 24 hr
Arginine flux
(Qarp)* 946+ 58" 702+78 82365
Citrulline flux
(Qcin)* 88+x20 103=x1.2 95+15
De novo arginine synthesis
(QCit—»Arg)* 78 +197 107=x1.1 92+ 14
NO synthesis (Qarg—ci)* 09103 1.00=0.2 0.96 = 0.1

NO synthesis
(NO3 output)*

% QArg to Cit
(NO synthesis)

All values are mean *+ STD.
*umolkg~hr~1. :
1<0.05 fed vs. fasted.
P < 0.05 NO3 output vs. Qarg—Cit-

123 x02F 06705 095=0.1

1.2 £0.13

was associated with NO synthesis (percent Qarg 1o cit) Was 1.2 =
0.13 for these healthy subjects.

From the measured output of ’NO; and calculated rate of
transfer of ['*N]arginine in plasma to PNOj in urine, an
estimation can be made of the contribution by arginine in
plasma to total body NO synthesis. As summarized in Table 2,
we conclude that about 54% of total NO synthesis is derived
from arginine leaving the plasma compartment.

Urea kinetics over the 24-hr tracer study period are sum-
marized in Table 3. Urea production was 239 * 28 and
excretion was 237 * 28 wmol-kg~*hr~! during the fed state;
both values were significantly higher than those for the fasting
period. Intestinal urea hydrolysis was 65 umol-kg-hr~! or 27%
of production during the fasted state, and it was close to 0%
during the 12-hr fed period. The rate of transfer of plasma
arginine to urea was 11.5 * 1.06 and 12.8 * 1.35
pmol-kg~hr~1 for fed and fasted, respectively; the fraction of
plasma arginine flux associated with urea formation, there-
fore, was 12.1% for fed and 18.2% for fasted states; about
5-6% of the urea produced is derived from plasma arginine.

DISCUSSION

We have determined the rate of whole body NO synthesis
estimated by means of measurement of conversion of [gua-
nidino-N;]]arginine to [ureido-">Nicitrulline is equivalent to
the estimated whole body NO synthesis rate as judged from
determination of urinary total nitrate/nitrite excretion. Argi-
nine within the plasma compartment appeared to contribute
about 54% of the substrate used in daily whole body NO
synthesis. These major observations will be discussed below.

Table 2. Metabolic fate of plasma arginine in relation to urinary
nitrate output

Parameter Value*
Corrected
I5NOj3 excretion’ 54.6 * 7.5
Qarg—Nos ¥ 883.9 = 127.3
% NOj3 from
plasma arginine$ 544 *9.1

*Mean * SD.

TOutput (umol per subject) over 35 hr corrected for an underrecovery
factor of 1.67 (see Materials and Methods).

$umol of plasma arginine, per day per subject, used for NO synthesis.

§Percent daily.
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Table 3. Urea kinetics in healthy subjects receiving an adequate
arginine intake

Value
Fed Fasted

Urea production* 239 + 28 184 + 21
Urea excretion* 237 + 28t 120 = 14
Urea hydrolysis* of 65
QArg—urea™ 11.5 * 1.06 128 £ 1.35
% plasma arginine to urea 12 18
% urea derived from

plasma arginine 5 6

Mean = STD.

*umol-kg~!-hr~1,
TP < 0.05 fed vs. fasted.

However, it should be pointed out here that the model of
Clarke and Bier (23) we have used is an exploratory paradigm
for interrelating the precursor product relationships in terms
of both mass and isotopic label transfer, during conversion of
arginine’s guanidino group into nitrate. It should be recog-
nized that the number of identifiable intermediate transfor-
mations in the course of NO and nitrate formation may be far
more complicated, by physiologic and temporal compartmen-
tation, than the analogous pathways for the ultimate disposal
of phenylalanine into CO; via tyrosine and P-hydroxyphenyl
pyruvate. The apparent mismatch between the percent con-
tribution of systemic arginine to urinary nitrate and the
putative contribution of intracellular arginine to whole body
NO synthesis determined from its conversion to citrulline from
isotope kinetics, will need to be resolved by more rigorous
modeling paradigms now under development for application in
further studies. Furthermore, the value of 54% is still under-
estimated, because we did not collect urine until the SNOj
output had essentially ceased completely, which takes about
24 h after the tracer infusion is terminated.

The plasma arginine flux was decreased during the fasted
state, reflecting the lack of entry of dietary arginine into the
plasma pool. This finding is consistent with our previous
studies (14-16, 27). The plasma [ureido-'3C]citrulline fluxes of
8.8 (fed) and 10.3 (fasted) umol-kg=!-hr~! determined in this
investigation, were similar to those previously reported by our
group, although slightly lower for the fasted state (14, 28).
Using a more sensitive evaluation of the mass spectrometric
data in this investigation, as compared with that followed
earlier, the labeling of ['*CJarginine from ['3C]citrulline was
detected throughout the study period; this has allowed us to
estimate the rate of de novo arginine synthesis from plasma
citrulline. Thus, we find an average de novo arginine synthesis
rate during the 24-hr study period of 9.2 + 1.4 umolkg=!-hr~1.
This indicates that under the present conditions, about 11% of
the plasma arginine flux is derived from the conversion of
plasma citrulline, whereas the remaining plasma arginine flux
originates from different sources, including tissue protein
breakdown and diet. Lower estimates of de novo arginine
synthesis were obtained with [?H,Jarginine in a previous study
(28), and this is explained by the recycling of the [2H;] label.
However, a reliable level of plasma [!3C]arginine labeling had
not been previously obtained (14). This may be due to the more
refined and precise analytical methodology used in our current
experiment (18). Furthermore, the present tracer study period
was prolonged to 24 hr, in comparison with the shorter 3 hr
fast; 5-hr fed tracer periods studied previously (14, 28), and this
may also have given us a better basis for estimating [!3C]citrul-
line-to-arginine conversion.

Whole body NO synthesis rates by both the [**N]citrulline
and urinary NOj3 approaches were estimated to be about 0.95
pmol-kg~1-hr~! over a 24-hr period, when the urinary NO3 was
corrected for underrecovery of NOj3 in the urine, which we
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have taken to be about 60% (27). This factor was obtained
previously as an average for nitrate excretion during combined
fasted and fed states. Therefore, this may explain the differ-
ences observed between the estimates of NO synthesis rates
during the separate fed and post-absorptive states when ob-
tained with the N citrulline method vs. the urinary nitrate
method (Table 1). Furthermore, the difference in NO synthe-
sis rates observed among fed and post-absorptive states with
the urinary nitrate method, also might be explained by the
variation in urine output and nitrate excretion among the fed
and post-absorptive periods. The 24 hr average NO synthesis
rate, however, gives similar values with both methods. The
fraction of the whole-body arginine flux used for NO forma-
tion was 1.2% for our group of healthy subjects. Similarly,
Becker and coworkers (29), using stable isotopic techniques in
normal and burned rats, reported whole body NO synthesis to
be less than 1% of arginine metabolism.

With respect to urea metabolism, we found that the rate of
conversion of plasma arginine to urea was about 11.5-12.8
pmol-kg=Ihr~! and did not differ significantly between fed
and fasted states. These results indicate that over a period of
24 hr only 15% of arginine disappearance from plasma oc-
curred via urea formation. It appears that urea formation
occurs from intracellular sources of arginine that are not in
rapid or extensive equilibrium with the plasma pool, as our
previous tracer studies (15, 20) have revealed.

In summary, we have explored the rate of whole body NO
synthesis in healthy subjects by two different approaches, both
yielding average estimates of about 0.95 umol-kg~!-hr~! for the
24-hr period. De novo arginine synthesis from plasma citrulline
over the same period accounts for about 11% of the plasma
arginine flux, for the dietary conditions employed. This value
may be influenced by the dietary intake level of nitrogen and
of amino acids. It is clear from this study that the quantitative
contribution of the plasma arginine compartment to NO
synthesis is significant but to urea synthesis in healthy humans
it is small. The extent and nature of the changes that occur in
these metabolic relationships during various pathophysiologic
conditions in humans, remain to be established. Our tracer
model should be useful to investigators concerned with quan-
titative aspects of arginine—-NO-urea interrelationships in
different human population groups.
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